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WUREMENTS OF CONTACT CONDITIONS OF 478 TRANSPORT-AIRPLANE
LANDINGS DURING ROUTINE DAYTIME OPERATIONS 1

By NOEKANS. SII.SBY

SUMMARY

Statistical meawrements of com!act &ition3 have been
obtaiwd, by meunx of a VA photographic techniqw, of 478
kzndingaof prewnt-duy trazwportairpt?anati dm”n.grtihe
dqligti op~atti in clear air at h W~hin@n i’VationaJ
Airport. From be measuremm, sinking speed+ rolling
velocitia, bank angkx, and horizom!al qwxik at the in.w!ant
before conlu.cthavebeen evdum2?dand a ~imitedstatidicul arudy-
8i8 of the re-suils?uu3been mud-e.

The analyti indicmttx that, for transport airplanes in
general, tlw gudy-m”nd condition had a twbstatiid q$ect in
h.creaw”~ the valueaof oinking speed, bank angle, and roL?ing
velam”tylikely to be equaledor e.zeeededonce for a G-mmnumber
of hldi?lg8 but had e88eniitiy no @ect cm the air8p& a$
contuct. Spe@iicaUy,in 1,000 landings under conditions of no
gusts, the valwx of az”nkingspeed, bank angle, and rolling
vehti”ty (in the direction of thejiret wii-wlto touch) likely to be
eguaikd or aweeded mu%are 3.6 ft/8ee, 4./?0, and 4.4 deg/8ec,
respeciivdy; for the same probabdity of 1 oui of 1,000 fU?ldill#8
made under conditiom with gwh, t?wmlu.es of thae reqective
quantiti?$ inerea-seto 4.7 ft/8ec, 6.6°, and 6.3 deglwc. In
genmd, the transportairplmux landing ai Wmhington iVationul
Airport touch down at airsped which have a considerable
margin above the 8taU;in 1 out of 1,000 landings, the landing
speed will probably equal or exceedan airspeed 60 percent above
the stalling speed (bawd on an asoumed loading of 0.9 of tie
-“mum permissible landing weight).

Although w“ng loading wav 8een to have 8ome e$ect on the
m“nkingspeed%of vati tran8portairphmws,that is, therewas
a tendenq for airpti with higher un”ngloading to iivndd
higher sinking apeea%,i’he actual comeqmnderwe wa8 rathr
poor, and 8tudy of a greater numbw of knding8 is required iv
order to i.9olut4h inj?u.ence of w“ng loading and other pa-
ranM.er8w)iieh cause the diference in sinking qx4d8 for the
various type9 of airpfarw.

INTRODUCTION

At the present time, airplanes and their landing gears are
being designed to satisfy kmding-loads requirements which
me based on experience with earlierairplanes. Design proce-
dures also are based largely on past experience. The sizes
and speeds of @Ames have steadily increased, tvith asso-
ciated changes in structural flexibility, w-eight distribution,
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landing speeds, and other characteristics, since these design
procedures and requirements were established. I?or this
reason and as a result of the increased economic pressure
toward a reduction in w-eight, it has become necessary to
reexamine the landing-loads problem in order to establish
up-todate requirements and design procedures that will
insure safety with the least possible cost in weight.

The fhwt step in developing more rational landing-loads
requirements is to obtain information on the severity and
frequency of the load-producing conditions likely to be en-
countered by an airplane in landing. The conditions which
produce or influence the loads on the landing gear and air-
plane structure are the sinking speed, horizontal speed, ati-
tude angbs, angular velocities, and so forth, which exist at
the instant of touchdown. Inasmuch as many indeterminate
factors influence these quantities, they must be treated as a
statistical problem. For the case of aircraft-carrier opera-
tions, a substantial amount of statistical information on
landing approach conditions has been obtained by the Navy
and is being augmented continually. For land-based opera-
tions, on the other hand, very little suitable information is
available, particularly for operations of presenbday trans-
port airplanes.

The National Advisory Committee for Aeronautics has
undertaken the project of obtaining statistical measurements
of landing contact conditions for present-day transport air-
planw during routine operations. The equipment for obtti-
ing the measurements was setup at the Washington National
Airport in the middle of January 1953, with the permission
and cooperation of the airport authorities. From that time
until the middle of April 1953, in about 56 hours of operation
(during portions of 15 difhrent days), a total of 630 airplane
landings were photographed and, of these, 478 were suitable
for evahation and analysis.

I%liminmy results for the first 126 usable landings (the
&t 20 hours of operation], together with a brief statistical
analysis, have been reported in reference 1. These 126 land-
ings also are included in the analysis of the 478 landings
reported herein. Photographs were obtained for the ladings
of varieties of present-day twin-engine and four-engine air-
planea. I?rorn these reeords, sinking speeds, horizontal
speeds, bank anglea, and rolling velocities have been eval-
uated and a limited statistical analysis of the results has been
made.
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APPARATUS AND METHOD

A photograph of the equipment used for obtaining statis-
tical data on the landing contact conditions is shown as
figure 1. The equipmmt consists essentially of a constanti
speed 35-milhrnetermotion-picture camera fitted with a tele-
photo lens of 404nch focal length, supported on a vertical
shaft which provides for tracking the airplane only in
azimuth. The trailer on which the equipment is mounted
can be raised on jacks to permit very accurate leveling of the
camera and provide a &ld support. Sinceno instruments
are installed in the airplanea,pilots are unaware that landings
are being monhred. The camera was setup at a distance of
800 to 1,000 feet from the runway so that it offered no
obstruction to aircraft on the airport proper. AU the data
in the present analysis were obtained hm photographs of
landings made at Washington National Airport on a runway
which is 5,210 feet long and extends from a southeasterly to
a northwesterly direction.

The sinking speed for each of the two wheels of the main
landing gear is determined from a consideration of the range
and the time rate of change of wheel location, which in turn is
obtained by mensuring the change in image-wheel position
over a &frame interval (4 time intervals) immediately prior
to first-wheel contact. The camera runs at an accurately
controlled rate of 25 -es per second; thus, the sinking
speed (as well as the other quantities) is determined over a
time interval of % second prior to contact, which corre-
sponds to a verticsl height of about %foot for a sinking speed
of 2 ft/eec. The formula used to detemuine vertical veloci~
for each of the main-gear wheels is given in reference 2 along
with its derivation and the corrections to be applied. The
average of the sinking speeds for the two main-gear wheels
is considered to be the sinking speed for the airplane center
of gravity. S6me center-of-gravity sinking speeds were
obttieil by reading a point on the fusek+genear the center
of gravity for those landings in -whichboth wheels were not
visible.

The rolling velocity of the airplane is determined from a
consideration of the known wheel tread and the difference
in the values of sinking speed for the two wheels. The
roll-attitude angle, or bank angle, at the instant of contact
is determined from the relative vertical positions of the
. . . . ..—— — ...— —
I

?
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FIGUREI.—Equipment for measuringlanding contact condition.

wheel images, together with the range and wheel tread, oc-
cording to the formula:

where
d distance from iilru-frame reference to optical center of

frame, 0.536 in.
D perpendicular distance to center line of runway from

camera, 795 ft
f lens focal length, 40 in.
A.1 distance from film-frame reference to left wheel, in.
& distice from film-frame reference to right wheel, in.
2’ airplane main-axle wheel tread, ft
o azimuth angle at camera between D and line to airplane

wheels at time of contact, deg
1$ bank angle, deg (positive for right bank)

The photograph in figure 2 is a sample frame from a land-
ing sequence and illustrates the appearance of the rocorcl
for a relatively large roll angle at contact (6.5°). The
instant of contact can usually be determined readily by tho
puff of smoke from the tire. The spot of light appearing
in the center of this figure is produced by instrumentation
in the camera which denotes the azimuth angle for use in
evaluating the data and is not due to my installation in
the airplane.

FImmm2.—Sample frame from landing sequenoeshowing smoke puff
at tire oontaut.
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Horizontal velocities are determined from the change in
position of the airplane image with respect to the image
of mstationary background object appearing in two or more
successive framea according to the equation:

‘~f w:’ e’ %
whero
M change in distance on iilrnfrom airplane image to image

of background object, in.
At time interval corresponding to Ah, sec
V. horizontal wilocity, ft/sec
e’ azimuth angle at camera between line of D and line

to airplane center of gravity at time of frames in
which ti was measured.

Horizontal velocities were determined as closely as possible
to the time of contact; in no case did the time exceed M
second prior to contact. Because the longitudinal decelera-
tion immediately prior to contact normally will be about
O.lg, the horizontal velocity Msecond before contact would
be about 1% ft/sec higher than the actual velocity at con-
tact. A more complete and detailed description of the ap-
paratus and equipment, considerations in design, method
of operation, and data reduction can be found in reference 2.

Landings were photographed for twelve presenkday ‘twin-
engine and four-engine airplanes; general specification data
for these airplanes are given in table I.

ACCURACY

The accuracy in terms of probable error in the quantities
determined as a result of errors in iibn reading and the error
introduced by neglecting the vertical acceleration is as
follows :

sinhgspd, ft/wc ------------------------------------ *O. 1
Rolling velocity, de~seo-------------------------------- Zt%
Bank angle, d%---------------------------------------- S+0. 1
Horizontal velocity, ft/seo------------------------------- *1.5

l?or a more detailed account of sources of error and accuracy
of the results, especially with regard to sinking speed, see
reference 2.

PRESENTATION OF RESULTS

The values of sinking speed, forward ground speed, bank
angle, rolling velocity, and other pertinent data are listed

TABLE I.—GENERAL SPECIFICATION

Alr- Tgrk&.yrmrt Maslmmn
plrme m=pb

AB ~---------- 17,m
~---------- n, ~
TwbmgIoe...__..-

:
3L m

$
=:::::;;:: ~g

Twin-engine _..._ . .
$i Foor-en@ne-.-._.. 12, E

:“
F~---------- W ~
Fonr-en@ne__.... .. .

J. Fonr-er@e.._._ --
K

la E
Four-em@ne_____ lQ W

in table 11 for eaeh of the 478 airplane landings. The
statistical analysis of these results is presented in terms of
frequency distributions (figs. 3 and 4) and probability curves
(figs. 5 to 11). The data have been analyzed as a whole as
well as grouped according to landings with and without gusts,
where the gusty condition is deiined (according to ref. 3)
as sudden, intermittent increases in speed with at least a
10-mph (9-lmot) variation between peaks and l@ls. The
peaks must reach at least 18 mph (16 knots), and the average
time interval between peaks and luW should usually not
exceed 20 seconds.

The Pearson type IH probability curves were determined
in the manner described in reference 4. Values of the statisti-
cal parameters (mean value, stsmdmd deviation a, and co-
eiiicient of skewness a,) for sinking speed, bank angle, rolling
velocity, and airspeed at contact, which are used in the
detetiation of the probability curves, are listed in table
IH for the various airplane categories and gust conditions.
These curves, which fit the data reasonably well, provide a
systematic fairing of the data and permit some extrapolation,
which giv= an indication of the magnitudes of the various
quantities likely to be encountered in a greater number of
landings than were actually observed.

The stalling speeds used in this evaluation were taken
from flight manuals of the various airplanes or from the
available test results for the landing configuration, with the
arbitrary aw.nnption that the landing weight was 90 percent
of the maximum permissible landing weight. The airspeed
was determined as the sum of the measured horizontal speed
and the
of wind

parallel component (in the direction of the runway)
velocity measured at the control tower.

STATISTICAL ANALYSIS AND DISCUSSION

SINKING SPEED

The frequency distributions of sinking speed for the center
of gravity and the first wheel to touch (fig. 3) are very similar
and indicate no significant difbrence in the statistics of these
quantities. Only sinking-speed data pertaining to the center
of gravity of the airplane therefore are presented in the rest
of the report, and these da@ may be considered to apply to
either the center of gravity or the first wheel~to~touch.

DATA FOR TRANSPORTAIRPLANES

Maxlnmm
Tvfng Merhnom =Ie

yd w%&w’g’Wel#y

646 32:m
3io1,% 3%0
47.2

L!% 49.8

817
L@-91
Lmo
~403
y&3

?mln-em
whedttr@

%5
18.5
20
26
ml

26.6”
23
23
2%
!26
23.5

●Averegoofepe&3cationtitsferf.ke tmharuprt airplanes usedioendyk



124 REPORT 121&NATIONAL ADVISORY COMMX1’DD FOR AERONAUTICS

32 - ... I

I

28
A

---- - centerof gm”ty

Ii (478 landings)
,t

I ‘\
I \

24 t
\
\

I
\

/’
20

0-
_F
~

: 16
\,

z
/8

ba \
\

12
\
1--”

--First wheel to touch

\ (413 landings)

\

8 / {

/

~
I
\
\

\

\
\

4
\

\
\

\\

/
o 2 3 4 5

!3nkhg speed, ft/sec

Fmum 3.—Comparieon of frequenoy distributions of sinking speeds
for center of gravity and first wheel to touch

The frequency distributions of the percentage of landings
occurring in various 0.5-f t/see ranges of sinking speeds (fig.
4(a) ) show that the greatest percentage (29.5 percent or
141) of the kmdingg occurred in the range from 1.0 to 1.5
ft/sec. The mean for all 478 landings was 1.38 ft/see, rind
no landings mceeded a sinking speed of 4.5 ftlsec. A com-
parison of frequency distributions of sinking speeds for
conditions of gusts (271 landings) and no gusts (207 landings)
indicates the marked effect of gusty conditions on sinking
speed (fig. 4(b) ). Although the greatest percentages of
landings for the gusty condition (28.7 percent) and the no-
gust condition (30.4 percent) occurred in the same range of
sinking speed (1.0 to 1.5 ft/see), substantially greater
numbem of landings are shown to occur at lower sinking
speeds for conditions of no gusts than for gusty conditions.
At the higher sinking speeds, a greater number of landings
occur for the gust condition than for the no-gust condition.
The menn value of all sinking speeds for conditions of no
gusts was 1.22 ft/see, and the standard deviation was 0.57
ft/see; the mean of all sinking speeds measured in gusty-
wind conditions was 1.50 ft/see, and the standard deviation

was 0.76 ftlsec. hTo landing exceeded a sinking speed of
3.4 ft/sec for conditions without gusts; the maximum wduo
of sinking speed attained during gusty conditions was 4,6
ft/sec. The wind velocity (measured at the contrcl tower)
for conditions of no gusts ranged up to 18 mph with cross-
wind components (at 90° with r~pect to the direction of tho
runway) up to 11 mph. l?or the gusty condition, the mean
wind speeds ranged from 14 to 28 mph with gust velocities
up to 38 mph and cross winds up to 17 mph. It cannot
be definitely stated, therefore, that the differences shown
are due solely to gustiness, inasmuch as the associated higher
winds and higher cross winds may also have some influence.

Although the difference in mean values of sinking speed
between the landings with gusts (1.50 ft/see) and the lundings
without gusts (1.22 ft/see) was only of the order of 1/4
ft/sec (fig. 4(b) ) for this number of landings, the dMerenco
was significant according to a method of statistical analysis
concerning significant differences in variables (ref. 5). The
difference in standard deviations from the means was also
significant.

The probability curves of sinking speeds for all airph-mo
landings are shown in figure 5 and indicate in a more graphic
manner the eflect of gusty conditions, as ccmpared to the
no-gust condition, on the probability of occurrence of various
sinking speeds. I’or example, the curve for the condition
without gusts, under which 207 observations were made,
indicates that a sinking speed of 3.5 ft/sec would be expected
to be equaled or exceeded once in about 1,000 landings;
the curve for gusty conditions (271 landings) indicotes that
the same sinking speed (3.5 ft/see) should be equaled or
exceeded once @ only about 60 landings. l?or gusty condi-
tions, a value of sinking speed of 4.7 ft/sec would be equalecl
or exceeded once in 1,000 landings. The curve for all lancl-
ings, which combined the conditions of gusts and no gusts
in a relative frequency of occurrence of about 3 to 2, indioatcs
that 3.5 ft/sec w-illprobably be equaled or exceeded once in
about 150 landingg.

For six types of airplanes, the probability curves of sinking
speed based on 36 to 100 observations per type indicate
substantial diilerences in the probability of equaling or
exceeding a given sinking speed (fig. 6). These probability
curves for the various individual transport types are pre-
liminary and should be wnsidered to indicate trends only,
in view of the relatively small number of landings for the
different types. A comparison of the probability curvoa
of sinking speed determined from the data of the &t 60
landings for aUairplanes, and then, successively, for 126,243,
and 478 landings, as more landings were photographed,
indicated that probably on the order of 200 landinga am
required to establish a probability curve which would havo n
practical degree of reliability.

One factor whioh was thought to be particularly responsi-
ble for the diilerence in sinking-speed statistic for the vari-
ous types of airplanM ma the wing loading. Actually, the
correlation between sinking speeds and wing loading is
rather poor (see table I and fig. 6). Airplane B which has
the lowest wing loading exhibited the lowest sinking speeds,
but, among the rest of the airpkmw, no apparent relationsltip
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Fmum 4,—Frequency dktnbutione of center-of-gravity sinking speeds of transport airplanea during routine operations for all 478 landinge and
for condition of no gusts (207 landings) and gusts (271 landings).

miskd between wing loading and sinking speeds. In an
attempt to suppress the influence of factors associated with
individual airplanes which might mask the effect of wing
loading, the data were grouped into categories of low, medium
and high wing loading. The groupings were as follows:
The low-wing-loading group included airplane types A, B,
C, and D with a range of gross+veight wing loadings of 27
to 33 lb/sq ft; the medium-wing-loading group iueluded air-
plane types E, l’, and G with a wing-loading range from 47
to 61 lb/sq ft; and the high-wing-loading group included
airplane types H, I, J, and K with a range of wing loading
of 66 to 80 lb/sq ft. The probability curves of sinking speed
according to the above groupings (fig. 7) indioate a tendency
toward substantiating the assumption that a given sinking
speed more probably will be equaled m exceeded.for a more
highly loaded airplane, but the correspondence is still not
complete. The curve for the low-Tv@loriding group indi-
cates the lowest probability for a given sinking speed.
However, the medium- and high-wing-loading groups are
reversed from the presumed order; that is, the medium-

wi.ng-loadinggroup indicate-sa higher probability of equaling
or exceeding a given sinking speed than the high-wing-loading
group. It appeaxs that, although the eifect of incensing the
wing loading above about 30 lb/sq ft tends at fit to increase
the probability of equaling or exceeding a given sinking
speed, a point is reached beyond which other factora such
as pilot technique, airline policy, airplane handling qualities,
and so forth, become predominant and offset any further
direct correspondence between sinking-speed probability and
wing loading. It should be pointed out that all the airplanes
in the low-wing-loading group had conventional landing
gears, whereas the aircraft in the medium- a:d high-wing-
loading groups had gears of the tricyole type. ‘

The effect of gusts on the probability of equaling or EX-
ceeding a g&~ speed for tb.emediti-.amLhigh-
wing-loading groups is similar to that found previously for
the total airplane-landing population (i&. 5); that is, gusty
conditions inemased the probability of equaling or asceeding
a given sinking speed. However, for the low-wing-loading
group, there was, essentially, no effect due to gusts.
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BANK ANGLE

I The fiecmencY distribution of bank angles at contact
indicated a-rati~ of about 4 to 1 for the occ-&rence of land-
ings with a left angle of bank (left w-heel contacting first)
compared to landings with an angle of bank to the right at
contact. Two effecb may have contributed to the pre-
dominance of left anglea of bank: (1) the pilot’s location on
the left side of the airplane, which, according to the opinion
of experienced pilots, remdts in a tendenW to caxry the left
wing slightly low-, and (2) a greater percen~~e of landings
with cross winds from the left (left and right cross winds are
in the ratio of about 10 to 1).

The curve for the probability of equaling or exceeding
given angles of bank for the 413 airplane landings for which
this quantity was obtained indicates that an angle of bank
of 6° will probably be equaled or exceeded onca in about 900
landings (fig. 8). l?or conditions without gusts, under which
182 observations were made, a bank angle of 6° -would be
expected to be equaled or exceeded once in only about 8,000
landings, tihereas the curve for gusty conditions predicts a
probability of a bank angle of 6° once in about 450 landings.
Out of 1,000 landings, the values of bank an~e likely to be
equaled or exceeded once are 4.8° and 6.6° for conditions of
no gusts and gusts, respectively. The limitation of roll
angle imposed by some part of the airplane other than the
landing gear contacting the ground first is from 8° to 16° for
the four-engine transport airplanes and from 17° to 21° for
the twin-engine transport airplanes considered in the present
analysis. The probability curves of bank angle for the cate-
goric of twin-engine and four-engine airplanes, together
with the efTectof gusts (fig. 9), indicate that with the twin-
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engine airplanes there was a considerably higher probability
of equaling or exceeding a given angle of bank than with the
four-engine airplanes. For the total number of landings, for
example, a bank angle of 5° is expected to be equaled or
exceeded once in about 130 landings for the twin-engine
airplanes, whereas a 5° angle of bank for the four-engine
airplanes would be equaled or exceeded once in only about
1,000 landings. The effect of gusty-wind conditions, as
before, is to increase the probability of equaling or exceeding
a given angle of bank

The difference in mean bank angles at contact and the
difference in the standard deviations from these means
between the 231 landings with gusts and the 182 landings
without gusts (see table III(b) and @g. 8) are statistically
significant. The differences in mean bank angles and the
standard deviations horn the means between the 242 landings
of twin-engine transports and the 171 landings of four-
engine airpkmea (see table III(b) and fig. 9) are also statis-
tically significant (see ref. 5).

ROLLINGVELOCllX

The frequency distributions indicated about twice as many
casea of airplanearolling in the direction of the first wheel to
touch as compared to those for airplanes rolling away from
the first wheel to contact. The probability curves of rolling
v610city (fig. 10) were computed by considering the group of
rolling velocities in each direction as an entity. Then the
ordinates of the curv- for rolling both to-ward and away
horn the first wheel to touch were multiplied by 0.62 and
0.38, respectively (relative percentages of occurrence of the
two events). (See fig. 10.)

The probability curves of rolling velocity indicah a greater
probability of equaling or exceeding a given value for air-
planes rolling in the direction of the first wheel to touch than
for airplane9rolling away. The e.fTectof the gust condition
increnaed the probability of equaling or exceeding a given
rolling velocity for rolling in either direction. For example,
out of 1,000 landings, the values of rolling velocity likely to
be equaled or exceeded once are 4.4 degjsec and 5.3 deg/sec
for conditions of no gusts and gusts, respectively. The
differences in probabilitiw between the curves for the total
number of kmdinga for rolling in either direction decrease as
rolling velocities increase above about 2 deglsec. This result
was also true for landings made under gusty conditions.

AIRSPERDATCONTAm

The probability curves (fig. 11) for the percentage by
which contact airspeed exceeds stalling speed indicate that
1 out of 10 transport airplanes in routine daytime operations
will touch down with an airspeed which is equal to or greater
than 40 percent above the stalling speed (based on an
msnunedloading of 0.9 of the mtium permMble landing

weight). I?or 1 out of 100 landings, the contact airspeed
will equal or exceed a speed 50 percent above the stalling
speed, and for 1 out of 1,000 landings, the contact airspeed
will equal or exceed a speed about 60 percent above the
stalling speed. Gustiness appeared to have only a vmy
small effect on the airspeed at contact, as contrasted to tlm
relatively substantial effects on the probabilities of equaling
or exceeding given values of sinking speed, bank angle, and
rolling velocity, as has been pointed out previously. In this
case, the reason for the absence of an effect due to gusts may
be that the airplanesland so fast that there is sufficient speed
margin above the stall to take care of the gusty conditions.
The effect on the airspeed at contact due to various runwy
lengths cannot be indicated, insamuch as all the data so
far obtained have been for landings made on only one runway.

The frequency distribution for the percentage of landing
airspeed above stalling speed indicates that the greatest
number of landings (201 out of the 478, or 42 percent)
occurred in the range from 20 to 30 percent above the stalling
speed, and the next largest number (142 or 30 percent)
occurred in the range from 30 to 40 percent above the stalling
speed. These facts are evidenced in figure 11 by the rela-
tively high probabilities (above 0.1) indicated by the curve
at all percentage up to 40 percent above the stalling speed.

CONCLUSIONS

Results of the analysis of the 478 landiqy obtained during
clear-weather operations of present-day transport airplanea
landing on a runway 5,210 feet long at the Washington
~ational Airport have indicated the following conclusions:

1. For the transport airplanea in general, the gusty oon-
dition had a substantial effect in increasing the values of
sinking speed, bank angle, and rolling velocity likely to be
equaled or exceeded once for a given probability but hnd
essentially no effect on the airspeeds at contact.

(a) Out of 1,000 landings under conditions of no gusts,
the values of sinking speed, bank angle, and rolling
veloci~ (in the direction of the tit wheel to touch)
likely to be equaled or exceeded once are 3.6 ft/see,
4.8°, or 4.4 deg/see, respectively.

(b) Out of 1,000 landings under conditions with gusts,
the values of sinking speed, bank angle, and rolling
veloci~ (ii the direction of the tit wheel to touch)
likely to be equaled or exceeded once are 4.7 ft/see,
6.6°, or 6.3 deg/see, respectively.

(c) The airplanes, .in genexal, touched down at air-
speeds with a considerable margin above the stall; the
airspeed at contact in 1 out of 1,000 landings will
probably equal or exceed an airspeed 60 percent above
the stalling speed (based on an assumed loading of 0.9
of the mtimum pwmissible landing weight).
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2. Although wing loading was seen to have some effect on
the sinking speeds of various transport airplanes, that is,
there wss a tendency for airplanes of higher wing loading
to land with higher sinking speeds, the actual correspondence
was rather poor, and study of a greater number of landings
is required in order to analyze the influence of wing loading
and other parameter which cause the differences in sinking
speeds for the various types of airplanes.

LANGLDY AERONAUTICAL LABORATORY,

NATIONAL ADVISORY Commmm FOR ABONAUTICS,

LANGLEY I?IELD, VA., March 17,1964.
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VALUESOF CONTACT CONDITIONSAND OTHER PERTINENT DATA FOR TRANSPORTLANDINCX3

Orm3-wfnd
, cnmponenh

mph

o
0
0
LO
Lo

.4

.4

.4

.4

.4

3.0
3.0
9.8
Q.8
9.8

9.8
9.8
9.8
9.8
E8

9.8
0.8
fL8

;!

3.1

H
4.1
4.1

4.1
4.1
4.1
22
’22

22
22
!2.8
22
22

22
22
22
2.2
22

;:
a9
X9
%9

a9
4.4
4.4
4.4
4.4

4.4
4.4

::
8.6

3.6
&6
8.6
8.6
8.6

la 8
12s
128
13.8
las

Rollhw
Velmfty,
de&#?uI= Afp#f VW&,

—l-1 -1 -
84.0

1%:
92.2
W.8

4 A
6 B
7 a
8 A
9 E

11 E
13 A
14
15 s
16 A

17 Q
B

i! A
21
n :

Jan. 14 :g
JaIL 14
Jan 14 12M
Ten 14 14W
Jen 14 14W

Jan 15 W34
Jan. 15 0042
Jan. 15 @am
Jem 15 WM
Jan. 16 ml)

Jan 16 ;g
JarL 15
Jan 16 1426
Jan. 16 :g
Jm. 16

Oelm

cay

2

—------
----..--
-.—-.—
--.----
--.--.--

0
0

--:7
–L 7

---—---
---—---

—------
-a 6

--------
L 6
.6

[;

--------
-. 7

-.
.?

27
-. 4

.-...-
0.6

------
0

—.Q

-L o

-i :
. . . . . .

-. 6

–1. 7

–: 7
–L 3

------

-. . ..-
–6. .5
—.9

–:!

–7 :
-. . ..-
–1. 4

-- . . . .

–:;
------
-L 2

20

-.
.:

-L 1
------
------

-. 6
—.6

-i:;
-. 2

-j ~

i 4
-. 3

.6
0

‘i;
-----

-.
.;

-.
.:
.7

------
—.

.:

.8
-. s

-L 7
------
------

–i. +

------
-27
–L 2
-25
-35

--—----
s
s

1021
10L1
1122
87.4
026

107.6
7h 9
724

%!

03.1

1%.:
844
89.0

1023
m?
8.5.0

1%:

SSE
SSE
WE
SSE
SSE

s

W&v

WNTv

WNw

WNw

WNw

WNw

ViTriv
WI#

8
3
3
3
3

6

1!
16
16

-3.0
-x o
-a o
-a o
–3. o

---.-.--
---—---
--------
--------
--------

–6. 2
–6. 3
126
126
S46

-------
2i
24
24

23 B
24 G
26
28 ;
27

‘m B
E

z
31 :
32

Jan 16 :2
Jan 16
Jan 16 ;~
JWL 16
Jan. 16 Ml

126
12.6
126
126
126

--------
—.8
‘it
-. 6

L5
L 3

-------
.1

1028
1045
10s.9
lW. 4
84.2

Jsn. 16 1446
Jan. 16 ;~
Jan. 16
Jan. 16
Jm. 16 %!!

24
24
24
%
m

126
126
126
126
IL 6

34 E
36 G
43 F
46
46 :

843
w. 4
E3.6
9L 7
?h 8

95.0
111.0
IOQ1
107.2
9L 3

Jan. 16 1614
Jen. 16 mM
Jan. B ~
Jan. B
Jem XI llz?

NW

NW

NW

NW

NW
N-NW
m

11.6
IL 6
I&6
16.6
lh 6

Z6
L3

-------
-.
-. :

-i :
.6

llL 2
106.4
113.0
lW. 7
la 9

w.?
03.9
ml
849
S&l

1047
1~ ~ la 7

KU.9
78.2 %0
3L1 ‘W9

7h8
9L 6
728
629
W.2

821 W,6
W.6
la 6 Iti :

110.4
‘H! 107.2

lh 6
lh 6
15.6
I&8
N. 8

—--—.-
--------

Jen. 28 l!mz
Jam S m
Jan 2% lmrl
JmL 26 ~
Jam XI

Nmv

Nmv

NNTv

I&8
MS
lh 8
I&8
lh8

—.2
i:
L2
.6

-L 1

-::
—.

.:

.4

–;!

-----

—.9

–k :

-? :

-------
--------
------ --
--------
-.------

91.6
107.3
896

12 i

Jan 26 m3
Jen B 1216
JaL 26 1216
Jan % 1217
JmL Z3 12W

m

NNw

NNw

I&8
1&8
lh 8
lh8
16.8

-—-..—
--------
--------
--------

Jen. !XI 12.m
Jan %3 1261
Jan B m
Jen 23 lm
JeJL 2J3 M37

1A6
146
146
146
14.6

----..--
----.---
------ --

10L7

lTd !
~6
94.7

97.3

lR ;
ill. 6
lM. 6

1626

12:
WQ8
113.6

2;
lW. 6
10LO
78.2

87.2
g:

164:1
73.3

W
91.7

I@l 6
106.6

Jan 23 1246
Jam 23 14W
Jan. S 1423
Jen 23 1427
Jan X Mm

JeQ. 29 1431
;% 2j 1440

1116
Feb: 9 m
Feb. 9 1134

NW-

N-W

Nw

16
17
17

#

17
17
14
14
14

1A6
16.4
w. 4
16.4
16.4

16.4
le 4
ILo
ILo
ILo

lLo
Uo
ILo
ILo
lLo

.-. —---
--------
--------
--------
--------

N-iv

WNw

TV-NW

WNw

WNw

WN-iv

W
w
w’

;

.-------
------

23
23
m

23
23
23

?2
26
25
26
26
26

—-—.-
–-i;

ii

Z6
------
—-----

-.
.:

m g

1% :
101
m J

Io4 J
10?
109 ;
m
m B

91.6
8L 2

IOL8

lE !

Eal
727
82.6
W.o
7a2

Feb. 9
Feb. 9 H%
Feb. Q UQ
Feb. 9 :1
Feb. 9

Feb. 9 UM3
Feb. 9 g
Feb. 9
Feb. 9 &6
Feb. 9

&o
8.0
&o
&o
8.0

—---
-. 2
-.

.:
0

* Pasltfm3valmH—head wfmL

b :S:ga%%alk
fndlreWonof llrstwhmltotonch.



STATISTICAL hDLkS~ OF CONTACT CONDITIONS OF 478 TRA.NSPORT-AIRP- LANDINGS

TABLE II-Continued

VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS
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; Mar. 9 1116
Mm. 0 ills

J Mar. 9 1133

: Mar. 9 U48
afar. 9 ~

E Afar. 9
: Mar. 9 w

Mar. ‘a m

1%; %:~: 101,1
113.Q

loi 6 11131

91.4 loh 9
la 1 114.1
W8 028
91.8
96.0 %i t

331
2?3
264
28s
m

m?
!x$
yJl

m

9h8 10L8
8a3 8113
8a 7 96.7

102Q
18! : 107,4

lCIL4 1124
1121 lW 1

1%: lR :
lm 6 10115

?h 4
lCH.4 15:
84.4 8a4
88.0 91.0
87.1 921

ml
E?! 97.2

% k:
m. o 66.3

Mm. 9 m
: afm. 9 1211
H Mar. 9 1216
: Mm. 9 1221

Mm. 9 Pzsl

y mu’. ‘a 1234
Mar. Q g

F Mar. 9
afar. 9 1240

~ hfar. 9 Em

......
–1. 4
-L 4
–1. 2
~: ~

273
274
276
273
278

m
281
282
!lf3

Mm’. 9 ;%
hfnr. 9
Mar. 9 Iy-#
Tfm’. 9
Mu. 9 Im

Mar. 9 1347
bfa.r. 9 135)
afar. 9
Mar. 9 %x
afar. Q 1408

w
w
w
g

......
-–i !
–1.4

.8

w
w

&
TvNw

WNw

WNw

WNw

WNw
Wmv

--i ~

––i;
–1. 2

285
2M
2s
m
m

291
292
‘a4
203
296

–1. Q
-3.2
–1. 7
–1. o
—.2

1020 lm 3
fm.2 =6
91.6 97.8
W.9 97.2
@J.5 7h8

Mar. Q yc&
afar. 9
M&r. 9 1410
Mar. 9 1413
afar. 9 14M

Mm. 9 ;&&
Mar. 9
Mar. 19 g
afar. 19
Mm. W lm

–L O
-22 lE I ;;;

------ .57.3
67.7 113.6

–k : 828 ma

-1.4 89.0 I&;

-–i : E: 96.8
–2 Q llL O U3.4

o 1024 lla 8

G afar. 19 1140
E Mar. 19 IL52

Mar. 19 Us
; afar. 19 g

afar. 19

TvNlv

-w-N&J

Nw
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TABLE H—Continued

VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS

P~de

mmwm
mph
(’)

17.4
17.4
17.4
17.4
17.4

17.4
17.4
17.4
17.4
17.4

17.4
17.4
17.4
14.2
14.2

142
14.2
14.2
142
145

14.b
14.6
146
14.5
146

146
145
146
14.6
146

145
145
14.6
14.6
14.6

146
145
145
17.4
17.4

lh 8
15.8
15.8
K 8
lh 8

lh 8
lh 8
I&8
15.8
I&8

l&8
lh 8
148
148
148

148
148
126

E;

I&8
K 8
K 8
lh 8
15.8

I&8

E;
lL O
lLo

-

mnd
Vebclty,

mph

Bank

‘??
bndln
❑umb?]

Orras-ti
nmfmna

mph

Ur# DnkI o
bmdlu

Time O
landlnf

Wind
dkertlo[

‘m
m
310
311
313

314
315
316
317
31s

319
m
321

%

324
m

E
3m

E
233
335
330

E
m
340
341

E
344
346
347

248

Z
352
362

E

%
WI

mf
%?3
304

E

w
m
272
373
376

376
377
378
379
231

242
m
SW
m
337

3s3
m

%
392

afar. 1
hfar. 1
Mar. 1
MOr. 1’
Mm-. 1

MOr. 1(
Mar. 1{
alar. II
Mar. 1!
Mar. II

M21. II
hfnr. II
Mar. 1{
MOr. 1(
Mar. II

Mar. 1{
bfar. 1(
Mu. 1{
Mm. 1(
hfor. H

hfzx. 1{
Mar. 1(
Mar. 1{
ah. If
Mar. 1!

hfar. 1{
ah. 1(
Mar. 1$
bfnr. lf
Mar. lG

Mar. 19
hlor. 19
hfor. 19
hfnr. 19
Mar. 19

hfar. 19
hhr. 19
Mar. 19
hfru. !al
w. 26

hriu. 26
Mar. 26
Mar. al
hfar. 20
Mar. m

hfar. XI
hfar. m
Mm. m
hfar. 20
m. m

hfar. m
bfar. m
hfar. m
bfar. m
bk. m

brm. m
bfnr. m
hhr. al
Mar. m
bfar. 27

Mor. 27
bfor. 27
Mar. 27
Nar. 27
Mar. 27

WW. n
W3r. 27
Har. 27
war. 27
war. 27

lm5
12f2
1214

m

1227

U34

1244

%?

Em
lm4

1316
1343
1345

14a2

14(Q
1410
14H
1414
1417

1418
1422

%!
1427

14m
1429
1431
1440
1442

1447
1451
1452
llm
llss

12m

1213

lml

1222

12m

1242

1244

1310
1312

1353
13$2
14C0
1404
1103

H64
1111
1124

1139

1143

:2
rmo
lam’

m

ml’

Nw

NIV

m

Nw

Nw

m
TVNW

WNw

WNw
WN#

g

m

NW’

Nw

NW

Nw

Nw

NIV
g

Nw

NW

m

WNw

WNw

TvNw

Wmv

WNw

WNw

TVNW
x

NNw

m

WNw

WNW

WNw

WNw
WNW

W-NW
WNW

WNw

H
IOL O
110.6
lW. 6

lx 6
1037
10LO
Im:

1023
115.6
1143
K&7
120.9

m, 4
fa4
=6
QL8

1123

Ilh 4
1228
m. 9
fIL3

m. ‘a

lm.3
1241
110.1

%;

lpi ~
1146
llh 9
ml. 1

113.8

lE :
1142
lm o

m. 6
1025

IE :
m. 4

2:

E:
ml 1

113.8
ll&3
110.6
llL 3
10L4

11%6
lCQ8
ml 7
ml 1
Q3.2

I&:
U&5

l%:

16s.5
m. o
ml 9
m4.9
PL2

..-. .-—.
–L 6
–L 7

20
24

.1

.4
L6

–i :

–i;
—.

.$

.3

2.6
L6

.--.--..-,
1.3
L4

–! 9

–i;
21

—.4
-. 6

i:
—.6

–2. 1
–L 6

i;
.9

–L 9
26

–;:

2?

H
–27

—.9

–::
–L 4

0

–i t
o
L4

—.6

.1

–:!

i;

20

––i 1
.6

—.1

25
—.1
—.

.:

.6

------
-4

–;:
-L 7

—.5

–! 6
—.
—.:

—.3
—.
—.;

‘i 9

–T ;
.-------

-L 9
1.2

–L 4
.6
.4

–i k

--- i

–i :
–21

––i;
-. 9

–-i;

–L 6
–23
-2.3

LO
.1

–k :

–i ?
.6

––i ?

––i;
—.6

—.9

‘i ~
.3

—.1

–L 2

–:;

-–i;

–i :

--- :
–L 6

—.
—.:
—.

:
-T 7

--------
--------

--......
...-----
-.------

------.-
‘m
%

27

z
27
27

n
27

i%
n

27
27
22
22
a

Z
m
m
28

!28

%
28
28

2%
23
B
29
m

-
.

I I
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TABLE II-Continued

VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS

k.&l/nJ

au
m
396
m
397

3E3
Zm

4:

4(0

l%

%

410
u
412
43
415

416
U7

E
4m

al

E
42s
422

427
m
429
m
431

4s2
4a3

E
430

43?’

E
440
441

442
444
44s

&

449
449

z
Ml

m
434
43s
m
457

E
4WI
405
403

4ea
433
470
472
4.76

&&f

hfar. 27
Mm. 27
Mar. 27
iik. n
afar. 27

Mm. 27
Ma.. 27
Mar. 27
Mar. 27
Mar. 27

Ma-.27
?&i-.27
Mar.27
Mar.27
Mar. 27

hfti.27
Mar. 27
Mar. 27
Mar. 27
afar. 27

Mar. 27
Mar. 27
afflr.27
Mar.27
lifer.27

Mar.27

g:

Mm: 27

ah-. 27
Mar.27
MOr.27
Mar. 27
Mar. 27

Mar. a
Mar. WI
Mar. 3)
Mar. al
Mar. w

afar. a
Mai-. w
Mar. 30
Mar. w
Mu’. 30

Mar. En
Mar. w
I&r. w
Mar. w
afar. ml

Mar. a
?&x.w
Mar. w
Mar.20
Mfr. 30

&r. 30
Mar. 30
Mar. 30
Mar.33
Mar.a

Afar.xl
Mar. a
Mar. a
Mar. w
Mar. m

MOE w
Mar. 30
wit 33
Mfu. 30
Mar. xl

rhm 01

rm
1217

123s

1227

m
1231

122a

%
1386
1343

1340
1353
;%

1404

14m
14Qa
1411
1413
1418

1421

%!
142s
1440

1441
1442
1443
1.452
1467

IM2
loi4
llw
Wxl
1114

ills

llzz

1136

1142
1210
1211
1213
1216

1218

Im2

m

12a!4

12bo

12m

lxrl

12?37

13s2

12.m

%%

:E

d%%

WNTv

wmv-

m

jv.tr&

WNw

mm-w

WNTv

WNw

W-NW

WNw

WNw

Wmv

WNw

WNw

WNw

-ivNw

WNw

WNw

WNw

Wmv

WNw

NW

WNw

WNw

WNw

Vnnv

W-NW

p&

WNw

W-NW

WNw

WNw

W-NW

WNw

Wmv

W-NW

NW
m’?’

m

NV?’

NW

NW

Wind
V“y& “%jg’

!23
!29
29
29
!23

23

z
i!
!22
29

—. -—.-
-- ——-.
-----.--

-. —----
--: ----
-------
-------
-------

-—----
----.—-
.-.-----
-.-. —.-
---—---

-- —----
-—.-.--
———--
-.-. —--
--- —---

--. —---
----.-.-
--.—---
———--
.. ——-

34
34

%/
Es

E%

z
39
s

38
36
25
w
$3

g

36

:

2
25

z
%
S
23
33

%
?s
2a

E

Para&l

malky

?3
Uo
lLo
ILo
ILo
ILo

MO
lLo
IL O
lL O
IL O

Pi I
12.6
IZ6
126

126
126
126

::

&s
0.8

U
as

&s

2:
6.3
&s

0.3
&a
&3
&3
&s

2hl
2s.1

E;
El

!21.I

%%;
221
221

221
IQ7
19.7
18.7
19.7

19,7
u. 7
19.7
18.7
19.7

%;
La?
19.7
19.7

%

%
27.0

27.0
23.2
23.2

%:

Ch-ass-whl
ompcmd

mph

&6
&6
8.6
&6
%6

8.6
8.6

::
3.6

&6
&6
9.9
Q.9
9.9

9.9
9.9
9.Q
4.9
4.9

4.9
49

2:
49

4.9

2:
4.9
4.9

4.9
49
49

2:

67
&7

17.2
17.2
17.2

17.2
17.2
17.2
17.2
17.2

17.2
lh4
lh 4
I&4
1h4

lh4
I&4
lh 4
lh 4
lh4

lh4
lh 4
I&4
lh4
15.4

:;

~;
7.3

7.3

:;

::

IMllng
V&it&

(9

–:;

?:
-.

.:
–_::
-.3

-.4
-.4
L 5
.1
.1

1.7

ii

::

.3

.3

::
1.9

i!

--i :
-. 2

--------
-.

.:
L1
.6

–L ;
—.
-. 2

–?:

25

2:
23
L 2

-; y

-?:
27

--------

-::
-.2

.2

3.0

:!

-1:

:;
-20

23
--------

–i 8
-.

.;

.5

-0.8
–L 3
–1. 4

--i !

–L 1
-.

.:
–22
–L 6

–L 4

–;:
–z 1
-. 9

–21
—.

.!

--i !

–1. 8

--- ‘!
–z 9
-. 1

–3. 1

-7:
–3. 7
–3. 1

. -----
-z o

-–i !
–L 1

–L ;
-.
—.

.3
-26

–Z 6
–::

-3.0
-L O

--i;
-& 1

2:

------
—.

.:
77

-% 5
-L ~
—.

i:

~-~

-. 5
-- . . . .

L4
-. 7
-. Q
—.
-. :

Lir6P&i

::

1%;

loh 8
ll& o
lla o
ll& 6
10L4

11Z8
1046
lal 4
111L6
lM 6

1!? :
111.4
91.4

1036

115.5
11s.3
107.0

1!$ :

107.6
1120

lE :
107.1

Ea;

1$ ~

1%:
l%;

lm. 9

00.5
Wz

1%:
WO

113.3

1%:

1%:

107.4
lm. 2

l%:t
1049

7s,9

1$:

w: 7

IIL 2
llz 8
117.5
lla 2
llz o

1128

lR !
1020
10Zo

..
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TABLE II-Continued

VALUES OF CONTAC!L’CONDITIONSAND OTHER PERTINENT DATA FOR TRANSPORTLANDINGS

m
479
~

m

4s5
486
4s7
m
m

491
492
403
464
405

E
m
m
m

Ml
m
5)3
en
WI

E

E
.5U

m
613
614
MS
516

519
521
622
623
624

m6
026
tin
62%
629

62JI
ml
E32
m
534

E
m7
540
641

645
646
648
649
660

661
m
S&l
654
6s3

667
663
ml
E82
E83

Data of Time of
ltlrldlng larldlng

,
Mar. 32
Mar. 30 M
M2r. m 1443
Mar. 2JI 1446
M2x. -m 1446

m’
i~. : :4
Apr. 2
Apr. !2 1143
Apr. 2 llm

Apr. 2 Ilm
Apr. 2 1164
Apr. !2 116s
Apr. 2 12@l
Apr. 2 M15

Apr. 2 ml
Apr. 2 1213
Apr. 2 1215
Apr. 2 1218
Apr. 2 lz24

12B3& $ K
Apr. 2
Apr. ‘2 ~
Apr. 2

Apr. 2 m
Apr. 2 1256
Apr. 2
Apr. 2 %
Apr. 2 1304

Apr. 2 13Q7
Apr. 2 ;$$
Apr. 2
Apr. 2 1322
Apr. 2 m

Apr. 2 126s
Apr. 2 1357
Apr. 2 14al
Apr. 2 ;%
Apr. 2

Apr. 2 lm
Apr. 2 1410
Apr. 2 1413
Apr. 2 1426
Apr. 2 1423

Apr. 2 1431
Apr. 2 1434
Apr. 2 1430
Apr. 2 1433
Apr. 2 1445

Apr. 8 1417
Apr. 8 1424
Apr. 8 1426
Apr. 8 1426
Apr. 8 1436

Apr. 8 1440
Apr. 8 1446
Apr. 8 1467

1469
i~ )! 1031

Apr. 14 1042
loiu

2K :: 1061
Apr. 14 Hal
Apr. 14 1106

Wind
dlrmtlon

Nw

m

Nw

NW

Nw

Nw

NW’

Nw
WNw

WNw’

WNw

WNw

WNw

W-NW

WNw

K

Nw

NW

m

N-w

NW

NW

m

NNw

m

m

m

m
NTOv

m

NNW

NNW
NWW

NW

NW

NW

NW

NV?

WNW

WNw

WNw

WNw

;; W@::-~ :~+: ‘*Velodtg,

(’)

24 s 23.2 &2 0.7
24 23 232 &2 2.4
24 2s 222 01
24 33 222 52 i!
24 s 23.2 &2 L3

16 27 lh 6 4.1
16 27 I&6 41 i;
16 27 Mb 41
16 27 I&6 41 i;
16 27 I&6 41 L6

16 27 Mb 4.1 L6
16 27 lh 6 4.1
16 lh 5 i;
18 ._.x_- 141 :: .8
18 . . . . . . . . . . . . 142 lLl .5

18 -–------–- 14.2 ILl
18 . . . . . . . . . . . . 14.2 lL 1 it
18 ------------ 14 ‘J
18 ------------ IL 2 Hi i!
l’. ------------ 142 IL 1 L7

18 ------------ 14.2 lL 1
1’ ------------ 142 11.1 i$
18 ----------- 14.2 IL 1 1.7
18 ----------- 142 lLl .6
18 ------------ 142 lLl .8

18 ------------ 14.2 lLl LI
18 ------------ 14.2 lLl .7
16 ------------ M.6 41
16 . . . . . . . . . . . . lh .5 41 q
16 ------------ l&5 41

16 . ..-.. -.–.. lh 5 41 L8
16 ------------ lh 5 4.1 L8
16 ------------ 15.5 41 LO
16 ------------ lh 6 4.1 1.4
16 ------------ 16.5 4.1 .5

16 ------------ 16.5 41 LO
16 ------------ ohs 41 1.0
M ------------ 148 21 LO
15 ------------ 1A8 21 L5
16 ------------ 148 21 La

16 ----------- 148 21 L2
16 ------------ 148 21 LO
US --—-----—- 148 21 L4
16 ------------ 14.8 21 1.1
15 ------------ 148 21 1.5

16 --.-.-.-–. - 148 21 L 8
15 ------------ 148 21 1.2
15 ------------ 148 21 Lo

----------- - 148
;: .------. --–

21 1.3
148 21 L8

16 ----------- - 148 21
16 ----------- - 148 21 i:
16 ----------- - 148 21 L’J
15 ----------- - 14.8 21 L1
12 ----------- - 11.6 al L2

6 ----------- - 6.8 1.2
6

LO
----------- . 5.8 1.2 .4

6 ----------- . 6.8 1.2
6

.8
----------- . iL8 1.2 .6

6 . . . . . . . . . . . . 6.8 1.2 .6

----------- - 6.8 1.2
!! ----------- . 6.8 1.2
6

::
----------- . 6.8 1.2
. . . . . . . . ..- . 1.2

2!
i;

30 2$.: I&o 1.3

20 M !20.5 I&o :;
28 33 m5 le o
xi 36 ~6 16.0 24
26 Z3 m. 6 It o
26 38 m.6 la o 2!

$11 T

-: ; –26

L6 –: :

–i : : :

—.1 –L 2
—.5 —.3

.-. ---. -.—. ----------
–L 7

.7 -::

–22 .4
—.4 .4
—.6
0 ––i?
.9 -L 9

-. 6 -. 2
--.----_.-- -—-------

.3 –L O
–L 5

‘i; –21

.6 –. 4
.4

‘i!
––i;

–i; –. 1

-L 1
—. –?. ;

.: 0
0
.4 -::

.4 –L O

.8 –L 6
-. L2

.: –. 3

.4 .1

–i; i;
------...-- ---------

.9 –. 4

.4 –. 7

–L O .3
—. 6

.: –: 6
LO

—.2 –?:

.2 L 2
—.

.! 2:

.4 –. 7
—.4 .8

–23
—. ––: :

.:
-. –L 3

.: L1

.1 –. 6

-–i : ::

-:: –::

----------- . ---- —----
.4 –. 1

. . . . . . . . . ..- ..-. -. —-.

.------...-- . . . . . . . ..-
4.7 –L 9

—. –4. o
.:

–.2 6 <:
------------ . . . . . . . . . .

L 8 –1. 6

728
n4
844
WL6
67.8

9L O
8L6
%30
m.4
wa

94.7
~8
&ao
740
eao

97.2
85.9
842
2Q.2
‘LO

813

k:
03.8
748

76.6
94.3
79.3

1%:

QL4

1%;
89.8
77’.8

lm. 3
OLl

2:
E$.o

822
67.1
348
n. 2
iQQ

86.2
SL6

%:
79.6

fao
%2
ml
76.4
9L 3

107.3

2:
105.8
720

10E2
70.6
8$.6
73.6
922

135

I,
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TARLE 11-Concluded

VALUESOF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORTLANDINGS

Lmdm

%
-10••
Em
m

m
m

z
676

676
677
678
581
&3

m
m

.%
Em

WI
.E%2
m
EM
Ea6

EM
.?37
m
601
m

m
034
035
ml
em

033
610
611
612
613

616
617
618
~

~

E
020

627
m
cm
m
634

036
m
039

Ah&be pt.9&

— —

Apr. 14
$ Apr. 14

Apr. 14
Apr. 14

: Apr. 14

G Apr. 14
Apr. 14

: Apr. 14
Apr. 14

G Apr. 14

B Apr. 14
; Apr. 14

Apr. 14
B Apr. 14
E Apr. 14

: ~: ;

$ Apr: 14
Apr. 14

J
:Z: ::

: Apr. 14
Q Apr. 14
F Apr. 14

K Apr. 14
G Apr. 14
G Apr. 14

Apr. 14
: Apr. 14

E Apr. 14
G Apr. 14
F Apr. 14
F
G i~ ::

D Apr. 14
E Apr. 14

Apr. 14
: Apr. 14
G Apr. 14

F Apr. 14
Apr. 14

; Apr. 14
Apr. 14

F Apr. 14

E Apr. 14
G Apr. 14
: Apr. 14

Apr. 14
J Apr. 14

G Apr. 14
Apr. 14

; Apr. 14
Apr. 14

B Apr. 14

B Apr. 14
~g ;:

: .

Time o!
19ndhr@

ills
1119
Hm

:E

mm
ml
lm
1133
ml

m

Ka2
ml

1226

Msa
1246
lx2

m
ml
m-i
13CB

Krlo
1312

1346
lw

Iwt

H
1410
14H

14?4
1446
1449
14’YI
1461

lm
lb!9
1s57
M12
MM

lom
mm
Ion

Wind
dhwtkm

WNw

WNw

WNw

mnv

WNw

Wmv

WNw

Wmv
WNW

Wmv

WNw

W-NW

WNw
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TABLE III

VALUES OF STATISTICAL PARAMETERS FOR LANDING CONTACT CONDITIONS

(a) Sinking speed

Cmgory

All tipha . . --------------------------------

,!lrpkme: ...... . .. --------------------------

F
c1

:

I Law wirw hmdfng (almdams & B, O, and D),

blcdfum wfwIcadhg (akPlanM E, F, and G),

I Hi@ wfu kadfng (afrPlanH H, 1,J,ondK)

Cahgol-y

No gIJsts ______ 42 ‘L6
mlets_________
Total ---------- 1;

4.s
4.6

(b) Bank angle

l-z

I

0.67 I CLFa
L m .76
1.29 .70 :Z I
1.cm .4$ .88
1.66 .= .74
1.34 .a .49
1.69 .60 .91
1.m .M
1.47 .64 –:%

1:2
.s3

1.2%
L 61
L 46

L32
1.a
L4B
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I

.fa
.46 .76
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.67 .: R
.&l
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.69 .s

I
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mists-------- % I X7 I L 01

I
o.al

I
1.19

&6 1.42 L 14
Total ---------- 418 &6 1.24 L03 i% I

l%tn-mghe tipbm ---------------------- No ~-__--_.
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‘: ii ~
.U7 I .m I m II
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Total---------- 1?? mwiiiihiiliti
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(C) Rolling velooity
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r US
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Alf tih~---------------------------------- No ~_____ 207 h5.4 2a2 ‘a= 0.17
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